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Background {#Sec2}
==========

Human Cystic echinococcosis (CE) and the more pathogenic alveolar echinococcosis (AE) are caused by infection with the larval stages of tapeworms of *Echinococcus granulosus* and *E. multilocularis*, respectively, after accidental ingestion of eggs. The eggs of both species may be shed in the faeces of dogs (or other canids) harbouring adult stages of these small tapeworms. *E. granulosus* has a global distribution while *E. multilocularis* occurs only in the northern hemisphere \[[@CR1]\]. In humans, lesions develop primarily in the liver. AE is one of the most lethal zoonotic parasitic diseases, with a high mortality rate if untreated \[[@CR2], [@CR3]\]. The World Health Organization (WHO) listed echinococcosis as a Neglected Tropical Disease in 2010 \[[@CR4]\]. Human echinococcosis (both CE and AE) is highly endemic in western China, where pastoralism is predominant and overall the socio-economic development level is much lower than that of eastern China. The Chinese Ministry of Health has estimated that around 380 000 echinococcosis patients were present in the western region in 2004 \[[@CR5]\]. The estimated worldwide human burden of CE is 285,407 DALYs (95 % confidence interval \[*CI*\], 218 515--366 133) \[[@CR6]\], and the figure for AE is 666 434 DALYs (95 % *CI* 331 000--1.3 million) \[[@CR7]\]. China is reported to be responsible for 40 % of the global CE burden \[[@CR6]\] and 91 % of global AE burden \[[@CR7]\]. Thus, echinococcosis is one of the most important infectious diseases, zoonosis and public health problems in rural communities of western China.

Western Sichuan Province is located in the south-eastern part of the Qinghai-Tibet Plateau, with an elevation above 3 500 m and a population of some 2 million Tibetans. This area has been previously identified as highly endemic for both human AE and CE \[[@CR8], [@CR9]\]. Dogs were indicated to be the major zoonotic transmission source for both diseases in western China \[[@CR10]--[@CR13]\], although foxes, including the Tibetan fox (*Vulpes ferrilata*), are considered to be a major wildlife reservoir for *E. multilocularis* in northwest Sichuan \[[@CR14]\].

In the Tibetan communities of western Sichuan Province, human settlements can be broadly classified as towns, farms or high pastures (\>3 500 m). Keeping livestock such as yaks and/or sheep and goats is very common in the area, and domestic dog has an important role in the guarding of households, tents and livestock. The infrastructure in the Tibetan region is underdeveloped, which makes public service delivery, including medical and veterinary services, very challenging. There are few slaughterhouses and people usually slaughter their livestock near their tents/houses in early winter \[[@CR15]\]. The natural mortality of the livestock (and wild ungulate) intermediate hosts of *E. granulosus* may also be high in early spring due to extreme weather conditions and shortage of forage \[[@CR16]\]. Based upon this, it has been hypothesized that dogs would have a higher probability of access to viscera of livestock (and wild ungulates) which might have CE cysts in early winter and spring \[[@CR13], [@CR17], [@CR18]\]. Regarding *E. multilocularis*, high population densities of the small mammal intermediate hosts of this parasite*,* such as the plateau pika (*Ochotona curzoniae*) and Qinghai vole (*Microtus fuscus*), have been observed in early spring \[[@CR19], [@CR20]\]. These high densities may increase the potential for predation by dogs and subsequent exposure to *E. multilocularis* during this season.

Despite the potential for seasonality in *Echinoccocus* spp. infection pressure for dogs, little work has been undertaken to investigate this further. The current report describes an attempt to quantify this seasonality by measuring the rate of re-infection of dogs with *Echinococcus* spp. in Tibetan communities following praziquantel dosing, using a commercially available copro-ELISA test.

Methods {#Sec3}
=======

Site description {#Sec4}
----------------

The study was carried out over a 12 month period (from April 2009 to April 2010) in Shiqu and Seda counties of Ganzi Tibetan Autonomous Prefecture in northwest Sichuan Province, China. The selection of the target communities was based on a documented high prevalence of human echinococcosis from mass ultrasound screening \[[@CR8]\]. The overall human echinococcosis prevalence within Shiqu and Seda counties was reported to be 12.09 % (with CE prevalence of 7.46 % and AE prevalence of 4.67 %) and 6.30 % (with CE prevalence of 4.48 % and AE prevalence of 2.02 %), respectively \[[@CR9]\].

Shiqu County (area 25 191 km^2^, mean elevation 4 200 m) is located on the eastern Qinghai-Tibet Plateau (97°20′\-- 99°15′E and 32°19′\-- 34°20′N), and shares a border with Qinghai Province in the east, north and west and with the Tibet Autonomous Region in the south. It had a human population of 86 800 in 2012 and around 75 % of the area was used as grazing pasture \[[@CR21]\]. Seda County (area 9 339 km^2^, mean elevation 4 127 m) is also located on the eastern Qinghai-Tibet Plateau (98°48′- 101°00′E and 31°38′- 33°20′N) and shares a border with Qinghai Province in the north and with Aba Qiang Nationality and Tibetan Autonomous Prefecture in the east. It had a population of 45 660 in 2012 and approximately 80 % of the area can be used as grazing pasture \[[@CR21]\]. The general climatic conditions in both areas are similar \[[@CR15]\].

Collection and examination of faecal samples {#Sec5}
--------------------------------------------

The study was approved by the Ethical Committee of Sichuan Provincial Center for Diseases Control and Prevention. The study performed five rounds of canine praziquantel treatment and faecal sample collection in three townships of Shiqu County (Mengyi, Yiniu and Mengsha) and 4 townships of Seda County (Kangle, Seke, Daze and Luoruo) (See Fig. [1](#Fig1){ref-type="fig"}). Townships were visited in April, July, September, October and December 2009, and in April 2010. Before going to the field, researchers were trained on how to collect both canine faecal samples and other relevant information regarding the dogs sampled: sex was confirmed directly from owners; age was assessed by tooth growth; and body weight was approximated by visual assessment. In each sampling, all accessible owned dogs over three months of age were registered with the owner's permission. Faecal samples were collected from registered dogs before dosing the dogs with praziquantel tablets under supervision of the researchers. Praziquantel tablets were wrapped up in a ball of *tsampa* (traditional Tibetan 'porridge' made from barley) in order to increase compliance and were administered at the recommended dose of 5 mg/kg (reported 99.9 % efficacy) \[[@CR22]\]. Faecal samples were collected from the ground used by tethered dogs. All faecal samples were tested using a commercial copro-ELISA kit (Zhuhai Haitai Bio-Pharmaceutical Co. Ltd., Zhuhai, Guangdong, China) in order to estimate the *Echinococcus* spp. coproantigen prevalence. The sensitivity and specificity of the test for detection of *Echinococcus* spp. was reported by a national test organized by the China for Disease Control \[[@CR23]\] to be 83.9 and 74.7 % respectively.Fig. 1Study areas of Shiqu and Seda counties in Sichuan Province, China

Data analysis {#Sec6}
-------------

All data were initially entered into a Microsoft Excel document (Microsoft, Redmond, WA, USA), and were subsequently analysed using the statistical analysis package R (R Foundation for Statistical Computing, Vienna, Austria). The age and body weight of the registered dogs were described using the means and standard deviation (SD), and the proportion of female dogs was estimated. 95 % confidence interval (95 % *CI*) were presented for the means and proportions, and differences in mean age and mean body weight of dogs between groups were investigated using the t-test. Fisher's exact test was used to compare the copro-ELISA prevalence between sampling time points.

Poisson regression used to investigate whether the different time-span between sampling points was associated with the re-infection prevalence. The Poisson regression model adopted a log link; the dependent variable of the Poisson regression model was the number of positive samples; the offset was the log of the number of samples tested; and the independent variable was time-span. Finally, stepwise logistic regression analysis was used to identify factors (i.e. county, sex, body weight, dosage, and previous infection status) influencing the copro-prevalence of each visit. Separate analyses were conducted for two formulations of the data: one including all available dogs registered initially (study A), and one including only those dogs sampled at all sampling points (study B). Results of statistical tests were classed as significant at a *P* \< 0.05 level.

Results {#Sec7}
=======

The sample size at each visit for study A was 584, 328, 141, 99 and 64 during April, July, September/October, and December, 2009; and April, 2010, respectively. The sample size for study B was 64 at all sampling points.

Dog populations {#Sec8}
---------------

At the time of enrolment into the study, the mean age amongst dogs in study A was 4.33 years (95 %*CI* = 4.13--4.53, SD = 2.39), and the mean body weight was 15.64 kg (95 %*CI* = 15.13--16.16, SD = 6.22). For Study B, the mean age at enrolment was 4.67 years (95 %*CI* = 3.40-- 5.35, SD = 2.56), and the mean body weight was 14.03 kg (95 %*CI* = 12.88-- 15.19, SD = 4.39). The proportion of females in study A was 13.40 %, and that in study B was 14.06 %. There was no evidence of a difference in mean age and body weight between the two groups (t-test *P* \> 0.05), or in the proportion of females (Fisher's exact test *P* \> 0.05).

Copro-prevalence levels {#Sec9}
-----------------------

For study A, the *Echinococcus* spp. copro-prevalence (hereafter referred to as 'prevalence') at the first visit in April 2009 (the baseline) was 13.36 % (78/584) (Table [1](#Tab1){ref-type="table"}). The prevalence at the sampling point in July 2009 was significantly lower than this prevalence (5.8 %, *P* \< 0.001), and a significant decrease from this prevalence was observed at the September/October 2009 visit (0.0 %, *P* = 0.001). At the visit in December 2009, the prevalence was found to be significantly higher than that two months previously (4.04 %, *P* = 0.028). No significant difference was found between the two prevalences in December 2009 and April 2010.Table 1Comparing the prevalences between dog groups and between neighbouring sampling points by Fisher's exact testMonth/yearStudy AStudy B*P* value for comparing prevalences between the two groupsPrevalence (No.positive/No.tested)*P* value for comparing a prevalence with its immediate previous prevalencePrevalence (No.positive/No.tested)*P* value for comparing a prevalence with its immediate previous prevalenceApr.,200913.36 % (78/584)12.5 % (8/64)1Jul.5.8 % (19/328)\<0.0013.13 % (2/64)0.0960.549Sept./Oct.0.0 % (0/141)0.0010.0 % (0/64)0.4961Dec.4.04 % (4/99)0.0284.69 % (3/64)0.2441Apr.,20101.56 % (1/64)0.6491.56 % (1/64)0.6191

The general pattern of change in prevalence for study B was similar to that of study A, but consecutive differences were not found to be statistically significant (see Table [1](#Tab1){ref-type="table"}). There was no significant difference in prevalence between Study A and Study B for any of the five samplings (See Table [1](#Tab1){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"}).Fig. 2The 95 %CI of dogs' copro-prevalences for Study A and B at the five sampling points. ■ Study A ● Study B

Factors influencing copro-prevalence {#Sec10}
------------------------------------

For Study A, multivariable analysis of risk factors for ELISA positivity at each visit point identified county and sex to be associated with ELISA status during the baseline visit (April 2009) see Table [2](#Tab2){ref-type="table"}. At this point, the prevalence in Seda was 18.25 %, whereas that in Shiqu was 9.34 %. The prevalence amongst females at this same visit was 22.78 %, whereas that in males was 11.88 %. County was found to be a significant factor at the sampling point in July 2009, where the prevalence in Seda was 13.22 % compared to 1.45 % in Shiqu (Table [3](#Tab3){ref-type="table"}). No significant factors were identified for the subsequent three re-infection prevalences (see Table [2](#Tab2){ref-type="table"}).Table 2Factors influencing the prevalence of *Echinococcus* spp. infection in dogs in Study AMonth/yearFactorsCoefficientS.E.Walddf*P*Odds ratio (95 %*CI*)2009Apr.(baseline)Shiqu vs. Seda−0.860.2511.4810.0010.42 (0.26--0.70)Female vs. male0.860.317.7510.0052.36 (4.33--1.29)Constant−1.570.1781.731\<0.0010.21 (0.15--0.29)Jul.Shiqu vs. Seda−2.340.6413.321\<0.0010.10 (0.03--0.34)Constant−1.870.2748.581\<0.0010.15 (0.09--0.26)Table 3Copro-Elisa prevalences for Study A and B in Shiqu and Seda counties respectivelyMonth/yearStudy AStudy BPrevalence for Shiqu county (No.positive/No.tested)Prevalence for Seda county (No.positive/No.tested)*P* value for comparing the prevalences between two countiesPrevalence for Shiqu county (No.positive/No.tested)Prevalence for Seda county (No.positive/No.tested)*P* value for comparing the prevalences between two countiesApr.,20099.34 % (30/321)18.25 % (48/263)0.00213.21 % (7/53)9.09 % (1/11)1Jul.1.45 % (3/207)13.22 % (16/121)\<0.0011.89 % (1/53)9.09 % (1/11)0.316Sept./Oct.0 % (0/108)0 % (0/33)10 % (0/53)0 % (0/11)1Dec.4.11 % (3/73)3.85 % (1/26)13.77 % (2/53)9.09 % (1/11)0.438Apr.,20101.90 % (1/53)0 % (0/11)11.89 % (1/53)0 % (0/11)1

For study B, no factors were found to be associated with the prevalence at any sampling point (*P* \> 0.05). Fisher's exact test also did not find any difference in prevalence between the two counties at any sampling point for this study (Table [3](#Tab3){ref-type="table"}).

There was no evidence that the reinfection prevalence was associated with the previous infection status for both studies, as assessed using stepwise logistic regression (*P* \> 0.05). Poisson regression did not found a significant influence (*P* \> 0.05) on the re-infection prevalence due to different deworming/sampling time spans for both studies.

Discussion {#Sec11}
==========

Owned dogs are considered to be most important zoonotic transmission source for both human cystic echinococcosis (CE) and alveolar echinococcosis (AE) on the Qinghai-Tibet Plateau \[[@CR10], [@CR11]\]. A previous study in Shiqu County showed that the faeces of owned dogs were mainly distributed around the houses of dog owners (proximity 0--200 m) \[[@CR24]\]. Faeces from owned dogs that were PCR positive for *E. multilocularis* DNA were also shown to be spatially clustered \[[@CR25]\]. Control of echinococcosis in dogs is therefore an integral component of public health programme aiming to control human echinococcosis in the region.

A strategy for sustainable control of canine echinococcosis should ideally be based on an understanding of dog re-infection patterns, especially in areas co-endemic for CE and AE \[[@CR26]\]. A single oral administration of praziquantel (5.0 mg/kg bw) to dogs was found to be 99.9 % effective against both *E. granulosus* and *E. multilocularis* \[[@CR22], [@CR27], [@CR28]\]. Current *Echinococcus* spp. copro-antigen ELISA tests are genus specific up to 95 % and thus provide a useful tool to measure prevalence \[[@CR29]\]. Moss et al. \[[@CR30]\] used copro-ELISA and copro-PCR to determine re-infection of owned dogs in Shiqu County after a single dose of praziquantel in May 2006. The study found an average copro-ELISA prevalence of 10 % two months after this treatment (July 2006); 3 % five months after (October 2009); and 11 % one year after (May 2007). Despite not using repeated dosing as in the current study, these results are suggestive of a lower infection pressure in summer and autumn and higher infection pressure in winter and early spring. The current research was designed to assess overall *Echinococcus* spp. re-infection patterns of dogs in Tibetan communities in two counties (Shiqu and Seda) in Sichuan Province over a 12 month period (April 2009 to April 2010) with particular attention paid to potential seasonal variation. As such, all dogs were treated with praziquantel at each gsampling round in order to ensure that any infections detected at the subsequent round from dosed dogs occurred during the period between treatment and sampling. The current study also found some evidence of a lower re-infection pressure in summer and autumn, and a higher re-infection pressure in spring. In addition, it revealed a more specific higher re-infection pressure season of early winter (from October to December). The current study did not find an influence on the seasonality of re-infection by different deworming/sampling time spans for both studies. Early winter is the main slaughtering season in the region, where the prevalence of livestock CE has been estimated to be between 7.3 and 76 % for yaks \[[@CR31]--[@CR35]\]; 14 and 82 % for sheep; and 3.5 and 48 % for goats \[[@CR36]\]. The current study therefore suggests that intensive praziquantel treatment of dogs (preferably monthly dosing) would be advantageous in early winter, spring and early summer.

Possible death of intermediate hosts of *E. granulosus* due to extreme cold and forage shortage in winter and early spring was assumed to be an important risk factor for the prevalence of CE on the plateau \[[@CR9], [@CR17], [@CR31]\]. These hosts include wild ungulates and livestock (yaks, sheep and goats). Wild ungulates have been found to have a prevalence of CE, with estimates of 6.42 % (21/327) amongst blue sheep (*Pseudois nayaur*) and 6.57 % (13/198) for Tibetan gazelle (*Procapra picticaudata*) in the Qinghai part of the Plateau \[[@CR37]\]. Therefore, it was considered that a higher opportunity for exposure/re-infection of *E. granulosus* in dogs could occur in winter and early spring. However, the current study did not support the assumption of a higher exposure in the period between December 2009 and April 2010, which is the winter and early spring in the region. No report of extreme cold and forage shortage in the period might explain why the assumption was not supported.

Several small mammal species, such as the Qinghai vole (*Microtus fuscus*) and the Plateau pika (*Ochotona curzoniae*), are known to act as intermediate hosts for *E. multilocularis*, with the plateau pika considered to be of particular importance \[[@CR38], [@CR39]\]. The plateau pika is known to be diurnal, with most activity observed between 06:30 and 20:00 between January and April (based upon field investigations in January, April, August, October and November) \[[@CR19], [@CR20]\]. Owned tethered dogs were usually released at around 20:00 and leashed again at around 08:00 the following morning -- providing these dogs with opportunities to prey on small mammals with nocturnal and/or crepuscular activity \[[@CR24], [@CR30]\]. The current study found that the highest re-infection prevalence occurred in July 2009 (for study A), following dosing in April, which suggests that the highest exposure to *Echinococcus* spp. occurred between these two months. This may be associated with greater opportunities for access to small mammal hosts during spring and early summer.

A preference for keeping male dogs in Tibetan communities has been observed in other surveys \[[@CR30], [@CR40]\], and the same pattern was found in the current study. Despite female dogs being less commonly kept than male dogs (amongst owned dogs), a significantly higher *Echinococcus* spp. copro-prevalence was observed amongst female dogs than male dogs at the first sampling (April 2009). The reason behind this higher prevalence in female dogs is unknown. It is also not clear why the prevalence in Seda county were higher than those in Shiqu county during the first two rounds of sampling points (April and July 2009) (Table [3](#Tab3){ref-type="table"}). These differences were not apparent in subsequent visits.

The *Echinococcus* re-infection prevalence was not found to be associated with the previous infection status at any sampling point. The prevalence (1.56 % for both study populations) at the sampling point in April 2010 were significantly lower than those in April 2009 (13.36 % for study A and 12.5 % for study B) (Fig. [2](#Fig2){ref-type="fig"}). The two results might imply the re-infection was largely determined by the existing reservoir of the parasite in hosts and the availability of the infectious viscera of intermediate hosts. Thus, it could be assumed that the owned dogs' role as definite host to influence the reservoir was reduced drastically during the deworming. Therefore, it demonstrates the effect of repeated praziquantel dosing on reducing the prevalence of infection amongst owned dogs.

Stray dogs were not included in the current study. Although the stray dog population density was not found to be associated with the prevalence of human echinococcosis in a review of literature published between January 2000 and July 2011 \[[@CR13]\], the role of stray dogs in the life cycle is not fully understood in the area. Further work investigating levels of infection amongst stray dogs would therefore be useful. Also, the number of dogs sampled decreased in each of the five sampling periods for Study A. This is partly associated with the Tibetan nomadic life style, where people move with their livestock (yaks and sheep) and dogs to higher pastures between May and October. Future research to measure the re-infection of owned dogs in summer pastures would be useful.

Regular deworming of all owned dogs is very hard to apply and sustain in the vast, remote, high altitude and difficult terrain of eastern Qinghai-Tibet Plateau. A New Zealand backed pilot intervention project in Garze County for cystic echinococcosis which included livestock vaccination, was not very successful in large part due to the logistics of dog deworming in the isolated area \[[@CR41]\]. There is therefore a need for a simpler and more sustainable deworming strategy. It has been argued that effective dosing of owned dogs 2--4 times per year could have a major impact on both zoonotic risk and transmission potential for both *E. multilocularis* and *E. granulosus* in Tibetan communities \[[@CR30]\]. One of the criteria defined by WHO for effective control of human CE as a public health problem, is to reduce the canine echinococcosis prevalence to 0.01 % \[[@CR42]\]. The current study demonstrates that the canine prevalence could not be reduced to this level within one year by with four doses of praziquantel. This is likely due to the reservoir of infection in intermediate hosts, and suggests that higher dosing frequencies may be required to achieve low prevalence. The current study also suggests that 'targeted' anthelmintic dosing of dogs during the spring and early winter could be beneficial.

Conclusion {#Sec12}
==========

Following praziquantel treatment, dog body weight, sex, age, county, deworming time span and previous infection status at any sampling point had no influence on the re-infection prevalence in the region in general. The differences between re-infection prevalences were probably due to the seasonality in *Echinoccocus* spp. infection pressure in the region. Early winter, spring and early summer should be important seasons for optimal dog deworming intervention in these Tibetan communities.
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